Objectives The aims of the present study are to describe the secular trend of breast-feeding rates in Japanese twins in comparison with the general population, and then to clarify the maternal and infants' obstetric factors associated with breast-feeding in twins. Methods Breast-feeding rates from 0 to 6 full months and related maternal and infant obstetric factors were analyzed using 4,023 Japanese twins, consisting of two different volunteer-based twin samples, age 1-15 years, whose birth year ranged from 1968 to 2003. Data were collected through mailed or hand-delivered questionnaires. Obstetric factors that affect full and partial breast-feeding of twins were confirmed using logistic analyses according to birth order in twin pairs, adjusted by birth year. Results The full breast-feeding rates of twins were lower than those of the general population. On the other hand, the combined rates of full and partial breast-feeding were close to those of general population, except for the period 1968-1974. The percentage of concordance pares was around 95% for all months. The most influential factor that negatively correlated with breast-feeding from 0 to 6 months was gestational weeks. Higher maternal age at twin birth and the use of an incubator also prevented breast-feeding in the neonatal period. Conclusions The results of the present study for the first time indicated that full breast-feeding of twins has risen recently in Japan, although the rates are still lower than those of the general population. The importance of the gestational weeks for breast-feeding rates was also shown.
Introduction
Numerous studies show the superiority of human milk for infants. Breast-fed infants show better neurodevelopment and fewer risks of common infections. Epidemiologic studies have revealed a reduced incidence of chronic childhood diseases such as lymphoma, obesity and allergies [1] . Although an adequate quantity and quality of milk production has been documented even for high multiples [2] , it seems difficult for mothers rearing multiples to breast-feed for many reasons.
Currently more than 1% of all births are multiples in Japan. Under such circumstances, there is an increasing need to provide appropriate information to parents and nursing staff, including information on the breast-feeding of multiples. Breast-feeding rates have been examined in Japan every 10 years as part of a national survey on child growth and development conducted by the Ministry of Health, Labor and Welfare [3] [4] [5] [6] . In general, many preterm infants or very-low-birthweight infants are reported to be breast-fed less than other infants [7] . If national data are used for health guidance, many twins may be regarded as being breast-fed less. In many cases, professional advisors on child feeding do not have adequate information to answer questions of parents of multiples concerning feeding methods for their children [8] . The reasons many people give for not starting to breast-feed multiples could be avoided if appropriate support is given by family members and by the medical team, if they are adequately informed.
There have been many studies concerning the breastfeeding of multiples in Western countries. These reports deal with the introduction of the skills or techniques for breast-feeding multiples [1, [8] [9] [10] [11] [12] [13] [14] , and practical recommendations or guidelines for the specialist [15] [16] [17] [18] [19] [20] . There also exist case reports [21] [22] [23] [24] , including triplets [25, 26] and quadruplets [18, 27] , and detailed descriptions of breast-feeding multiples with relatively small sample sizes [2, 15, 25, 28, 29] . Some reports [30] [31] [32] [33] [34] [35] [36] [37] [38] deal with multiples in comparison with singletons or control groups, or treat multiple births as a risk factor.
In contrast, there is little epidemiologic research [17, 39 ] that focused on breast-feeding multiples. Obstetric factors such as method of delivery, birthweight and gestational period were reported to affect the feeding method of multiples using a relatively small sample size. The aims of the present study are to describe the secular trend of breastfeeding rates in Japanese twins in comparison with the general population, and to clarify the maternal and infants' obstetric factors associated with breast-feeding in twins using the largest database of multiples in Japan.
Methods

Subjects and outline of data collection
There exist several strategies for the collection of data on multiples in Japan [40] . First, vital statistics can be obtained, but it is almost impossible to obtain access to personal information concerning individuals. Second, data from large hospitals have been used in the field of obstetrics, primarily for the purpose of managing high-risk pregnancies. Third, the Basic Resident Registration of municipalities in Japan can be used. This registration reflects the whole population of each area, and serves as a possible source for recruitment of families with multiples. Nevertheless, this method has many weaknesses. To put it briefly, cost-effectiveness is extremely low in the case of twin studies. Fourth, there is a volunteer-based database of multiples, which includes, for example, data from mothers belonging to associations for parents of multiples. It contains more detailed information on the condition of multiples after birth; both vital statistics and hospital data have difficulty addressing this. Although volunteer-based databases may have some selection biases, cost-effectiveness is very high, if data collection is performed properly.
The present samples used for analysis consisted of volunteer-based Japanese twin databases, involving two independent groups of subjects. The data used in this study were a portion of this body of data. Continuous data on twins in childhood and on their families has been gathered for the purpose of improving twins' health care and of genetic epidemiologic study [41] [42] [43] [44] . The first group of subjects consisted of 1,140 mothers and their twin children living in the Tokyo metropolitan area. All the twins in this group had applied to the secondary school attached to the Faculty of Education of the University of Tokyo between 1981 and 2005 (school applicant group). At the time of data collection, all the twins were either 11 or 12 years old (sixth grade of primary school in Japan). Their birth years ranged from 1968 to 1993 [mean 1979, standard deviation (SD) 7 years]. The second group of subjects consisted of 951 mothers and their twin children in several associations for the parents of multiples throughout Japan (maternal association group). The age of the twins during data collection ranged from 1 to 15 years (mean 5.9, SD 3.8). Their birth years ranged from 1986 to 2003 (mean 1995, SD 4 years).
Preliminary analyses and data combination
All data samples were used, irrespective of the data source. Before the data of the two groups were combined, their basic obstetric characteristics were examined in detail [44] . The main results are summarized as follows:
(1) The twins in the maternal association group had 1-week shorter gestations than the twins in the school applicant group. (2) Body size parameters at birth, namely weight, length, chest circumference, and head circumference were slightly smaller in the maternal association group. Nevertheless, both birth weight itself according to gestational weeks and the percentage difference in relative birth weight within pairs were nearly the same compared to the birth weight norms of the general twin population in Japan [45] . ( 3) The percentage of mothers treated with ovulationstimulating drugs or in vitro fertilization was much higher in the maternal association group.
These findings suggested that the groups were not very different, at least in their physical development. Moreover, in both groups the data seemed to reflect normal physical development after birth.
Of 2,091 mothers (4,182 twins), 1,140 were from the school applicant group and 951 were from maternal association group. The author excluded 159 twins with no data on feeding method. Birth injuries of mothers or twins, such as placenta previa, placental abruption, coiling of the umbilical cord, neonatal asphyxia, growth-discordant twins, and twin-to-twin transfusion syndrome, were observed to varying degrees. None of these were grounds for exclusion from the study. In general, it was very difficult to set clear and consistent inclusion/exclusion criteria, as nearly 50% (2,105/4,182) of the present subjects had at least one of the complications. Moreover, no subjects showed apparent retardation of growth and development at the time of data collection. Thus, 4,023 twins (1,969 males and 2,054 females) aged from 1 to 15 years (mean 9.2 years, SD 3.9 years) of 2,018 mothers were analyzed in this study.
Data were collected through mailed or hand-delivered questionnaires, which had nearly the same format in the two groups. Obstetric and pediatric findings, including feeding methods, were obtained mainly by transcription from the ''Maternal and Child Health Handbook.'' Data based mainly on mass examinations are recorded in this handbook, and it serves as a source of health information for pregnant women, as it contains detailed medical records on pregnancy and delivery, as well as on child care, for children up to 6 years old [46, 47] . The mothers were advised to refer to those records when completing the questionnaire. If mothers could not remember events relating to their children, the author recommended that, in the questionnaire, they should not use incorrect answers merely to complete the questionnaire, but give a blank response. The zygosity of the twins was determined primarily from a questionnaire [48] . For the school applicant group, zygosity was diagnosed also by the use of many genetic markers for those twin pairs who were actually admitted to school [48] .
These questionnaire surveys are now in progress. The response rates of the questionnaire were 100% for the school applicant group and more than 70% for the maternal association group.
Questions concerning breast-feeding
Feeding methods were divided into three categories: full breast-feeding, partial breast-feeding (mixed feeding) and formula feeding. The detailed method of feeding and the percentage of breast milk consumed in partial breastfeeding were not obtained. Mothers recorded the duration (starting and ending full month) of each feeding method. The data were organized according to the full month. Therefore, the first 30 days represented 0 months.
Statistical analyses
First, breast-feeding rates were calculated from 0 to 6 full months. To compare the results with the official Japanese data on breast-feeding rates of 1-4 full months (1970, 1980, 1990 and 2000 surveys) , the birth years of the twins were divided into four groups: 1968-1974, 1975-1984, 1985-1994 and 1995-2003 . The first two birth year groups contained only members of the school applicant group, and the fourth group contained only members of the maternal association group. The third group contained 536 twins from the school applicant group and 694 twins from the maternal association group.
Next, within-pair differences in feeding method were analyzed according to age in months, using twin pairs with both twins' complete data on frequency.
Finally, maternal and infants' obstetric factors that affected the selection of the kind of breast-feeding of twins were confirmed. Following the previous guidelines for breast-feeding multiples [10, 16, 18] and possible low rate of full breast-feeding, the author regarded full breastfeeding and partial breast-feeding in one category as ''at least some breast milk feeding'' [30, 31, 49] in the following analyses. Sixteen variables with a less than 3% frequency of missing values were analyzed. The quantitative variables considered were: birth year of twins, gestational age (weeks), birthweight (g), maternal age at twin birth, and the number of birth injuries if any. The quantitative variables were dichotomized in accordance with the results of a preliminary analysis of the effects of a single variable on the selection of breast-feeding. The qualitative variables considered were: sex (male or female), parity (primipara or multipara), zygosity (monozygotic or dizygotic), presentation (vertex or non-vertex), placentation (monochorionic or dichorionic), method of delivery (Caesarean section or not), fertility treatment (yes or no), use of incubator (yes or no), previous abortion (yes or no), health condition at birth (neonatal asphyxia or not), and subject groups (school applicant group or maternal association group). All variables were then transformed into qualitative variables, and the codes of 0 or 1 were given.
Logistic regression analysis was performed with a threshold significance level of 0.05 according to the birth order of twins (first-born and second-born) to avoid overestimation based on the independence of the sib-pair data. All statistical analyses were performed using SAS Ò for Windows [50] .
Ethical issues
The methods of informed consent vary according to the subjects. As to school applicant group, the statistical analysis of the data was clearly written in the application document, and the detailed explanations concerning data collection by questionnaire and interview, and blood sampling for zygosity examination and health check were added as another paper from 1999. Moreover, informed The data analysis was also permitted by the twin research committee of this school. When present study was performed, this school did not have an ethical committee for the twin study, which is now under construction, including the author as one of the advisers. Zygosity diagnosis using DNA sample was permitted through the ethical committee of the Graduate School of Medicine, University of Tokyo [51] . All the mothers in the maternal association group cooperated voluntarily in this research, mainly through the presidents of their associations [51] .
These twin studies were also permitted by the ethical committee of the Ishikawa Prefectural Nursing University in 2004.
Results
The breast-feeding rates according to birth year groups are shown in Table 1 . The breast-feeding rate at 0 months was about 10% in 1968-1974, and around 20% in 1975-1984, 1985-1994, and 1995-2003 . In the 1985-1994 birth year period, which contained twins from both the school applicant and maternal association groups, there was no significant difference of feeding method between the two groups for any month (data not shown).
The breast-feeding rates were compared to those reported in Japanese national surveys. The results are shown in Fig. 1 . The full breast-feeding rates of twins were lower than that of the general population. On the other hand, the combined rates of full and partial breast-feeding were close to those of the general population, except in the 1968-1974 periods.
Within-pair differences of the feeding method are shown in Table 2 . The percentage of concordance pares were around 95% in all months. Complete discordance, namely when one twin is breast-fed and the other twin is formulafed, was seen in about 1% of cases in each month. Concordance rates and polychoric correlations were constantly higher in monozygotic pairs than dizygotic pairs (data not shown).
As the effect of birth year was thought to be large, as shown in Table 1 and Fig. 1 , this variable was checked carefully prior to main analyses. As was expected, the birth year effect was very strong. Therefore, the author always adjusted for birth year in the logistic analyses.
Birth year was dichotomized in two patterns, 1968-1974 vs 1975-2003 or 1968-1984 vs 1985-2003 , and logistic analyses were performed according to these two patterns of birth year classification. As the latter classification (1968-1984 vs 1985-2003) showed a slightly clearer effect on the breast-feeding rates of each obstetric variable than the former (1968-1974 vs 1975-2003) , the results of the latter classification were used in Tables 3 and 4. The results of the univariate logistic analyses adjusted by birth year are shown in Table 3 . Gestational age, birthweight, maternal age and use of incubator had significant effects on both first-and second-born twins at 0 months. The effect of the gestational age remained significant at 3 and 6 months. No effect of subject groups was observed.
Multivariate logistic analyses were performed using all significant variables in each of the univariate analyses. The results are shown in Table 4 . Gestational weeks for firstborn twins, maternal age and use of incubator for both first-and second-born twins were selected at 0 months, gestational weeks for first-born twins, maternal age and use of incubator for second-born twins was selected at 3 months, and only gestational weeks for both first-and second-born twins was selected at 6 months.
Discussion
Breast-feeding rates of twins
Since the report of Addy [52] , many other reports [15, 30, 31, 36, 38, 49, [53] [54] [55] [56] [57] have been completed, with a variety of levels of reliability and verifiability. Although reports from a Western maternal association group [17, 39] contained a large sample size, detailed statistic analyses of the data were not performed. To the author's knowledge, the present study is one of the largest twin studies that includes an analysis of secular trends of breast-feeding twins with detailed information on monthly feeding method and obstetric findings for mothers and twins.
The breast-feeding rates of multiples vary considerably in the literature. This wide variation is probably due as much to differences in the definitions of breast-feeding (strictly exclusive breast-feeding or roughly at least some breast-feeding), the methods of collecting data (retrospective questionnaire, medical record or interview), and the sampling population (a highly motivated group, mothers treated with medical intervention or general population of multiples). In addition, cultural differences may be very large. Breast-feeding rates are nearly 100%, for example, in southern and eastern Africa, irrespective of the plurality of birth [32] .
In the present study, a simple questionnaire was used to obtain retrospective data. The questions concerning feeding method seemed not so different from those used in the national survey in Japan [3] [4] [5] [6] or in little epidemiologic studies of feeding method of multiples in other countries [17, 39] .
In the present sample in the 1995-2003 periods, full breast-feeding rates were 20.0% and partial breast-feeding rates were 86.1% at 0 months postpartum (Table 1) , reflecting the importance of the definition of breast-feeding. As shown in Fig. 1 , compared with the Japanese general population, the present subjects showed a lower rate of full breast-feeding. On the other hand, the combined rates of full and partial breast-feeding were close to those of the general population except in the 1968-1974 periods. The breast-feeding rates of twins clearly rose after the 1975 period. The most likely reason for this is that a national campaign of breast-feeding promotion was started in 1975 in Japan, followed by the WHO recommendation on breastfeeding.
Mothers of multiples achieve very high breast-feeding initiation rates as shown in studies of twins' mothers clubs, with rates of 70-90% [10, 12, 17, 56, 57] . This range, however, may well represent the rates that can be obtained in a highly motivated select group, and demonstrates the importance of support groups [1] .
With regard to whether the breast-feeding rates between singletons and twins differ, several studies have been performed, and conflicting evidence has been reported [1, 8] . According to Addy [52] , the breast-feeding rates of twins (23.7%, n = 173 mothers) are similar to those of general singletons. Neifert and Thorpe [12] quoted the Ross Quarterly Mothers' survey of 1988, which showed that mothers of twins were less likely either to initiate breast-feeding in and reported that the initiation of breast-feeding was 54% in singletons and 48% in twins, decreasing to 20% and 13% respectively at 6 months. Population-based statistics in Wales in 2004 showed that the initiation rate of breastfeeding was 52% for singletons, 40% for twins, and 15% for triples [1] . Epidemiologic studies that have included twins and/or high order multiples other than singletons have consistently shown that twins/multiples are significantly less breast-fed exclusively at discharge and at 4 weeks of age [53] , at 2-3 months postpartum [37] and throughout early childhood [54] . According to the Japanese National Survey ''First Longitudinal Survey of Babies in the 21st Century'', exclusive breast-feeding rate during first 6 months was 21.5% in singletons (n = 45,594) and 1.3% in multiples (n = 975). Of many factors associated with exclusive breast-feeding, multiple births were the strongest negative factor for exclusive breast-feeding [33] .
There exist several hospital-based intervention studies with relatively small sample size (less than 100 mothers). Despite an intensive promotion program, it was rare for multiples to be discharged on exclusive breast-feeding, although 90-100% of women (n = 22 twins [15] or n = 60 twin pairs [55] ) provided at least some breast milk at the time of discharge from the hospital. Liang et al. [36] reported that 89% of preterm twins (n = 18) and 93% of preterm singletons (n = 15) were breast-feeding with or without additional bottle feedings when discharged from the hospital. Flidel-Rimon and Shinwell [58] showed that a dramatic increase in breast-feeding rates in very low birthweight singletons and twins has been noted in recent years (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) , due in no small part to appropriate hospital policies and practices. These reports suggest that if partial breast-feeding was regarded as a success, twins can be breast-fed as successfully as singletons with sufficient assistance and encouragement. The present study showed that the feeding method was generally similar in both twins, but about 5% of the twin pairs were reared on different feeding methods from birth to 6 months. Most reports on the breast-feeding of multiples did not consider the differences between individual twins. According to Gromada and Spangler [10] , monozygotic pairs were more similar than dizygotic pairs in terms of their styles of breast-feeding, including the length of feedings and time between feedings, which the mothers of twins surely recognize. The present results showed that monozygotic pairs were more similar than dizygotic pairs as to feeding method (data not shown), partly supporting the above indication. As for the proportion of breast milk fed to each sibling in a pair of twins, there was almost complete agreement in the proportion of breast milk fed to sibling infant twins [49] . The present results are in accordance with this.
Factors affecting the breast-feeding of twins
There exist many reports that examine the factors that interfere with the breast-feeding of multiples, with relatively small sample size. Difficulties with breast-feeding multiples include insufficient prenatal and early postpartum breast-feeding education and support, delayed lactogenesis, insufficient milk supply, problems with latch and positioning, profound maternal fatigue, and parental mental health issues [1, 8, 10, 15, 16, 19, 25, 30, 58] . Prematurity often interferes with breast-feeding [28] . More general factors, such as education level, income and smoking were often identified [7, 37] .
The present study focused mainly on maternal and infants' perinatal and neonatal factors, and represents the first attempt to analyze the factors related to breast-feeding twins at the individual twin level. Geraghty et al. [49] pointed out the essential difference in the definition of breast-feeding between multiples and singletons. Current methods of obtaining breast-feeding data for the mothers of singletons may not adequately describe the breast-feeding behaviors of multiples, because most data do not consider the difference within the pair.
The results of logistic analysis showed that the effect of gestational age on breast-feeding rates was consistently the largest when the birth year effect was adjusted. The effect 
The comparison group is full or partial breast-feeding of birthweight was also significant for univariate analyses, especially at 0 months. This effect was not found in the multivariate analyses. As birthweight is strongly correlated with gestational age, the effect of birthweight was thought to be weakened. In singletons, birthweight and prematurity are recognized risk factors for breast-feeding inhibition.
The effect of gestational age or prematurity on the breastfeeding rates of twins has been pointed out several times [8, 30] . The effect of maternal age at twin birth and the use of an incubator on breast-feeding rates at 0 months were observed. This effect was partly observed at 3 and 6 months. In this case, older mothers and those of twins where an incubator was used tended to breast-feed less. The effect of maternal age and use of an incubator tended to be greater on second-born twins. It was unclear why these effects were stronger in second-born twins. The frequency of incubator use was higher in second-born twins, partly reflecting the high-risk status of second-born twins in general. The effect of sex, presentation, zygosity and neonatal asphyxia, which was seen in univariate analyses, was not observed in multivariate analyses. All previous studies treated breast-feeding multiples only as a matter of differences among mothers, and did not consider the difference of individual twins. The present results suggested that inhibiting factors of breast-feeding multiples may in part differ according to birth order in twins.
The effect of birth injury, method of delivery (Caesarean section or not) and health condition at birth (neonatal asphyxia or not) are very complicated with respect to twin delivery. More than one type of birth injury was observed in about half of the present subjects, with various levels of severity. At the population level, this effect was weakened, confounded with many other variables. At the case-study level, neonates with severe birth injury may well be less breast-fed. For example, breast-feeding multiples after a Caesarean section is not a simple task [8] .
Moreover, maternal mental condition or stress is thought to affect breast-feeding rates [35] . Feeding infants was found to be significantly more stressful for mothers of twins than singletons [59] . Socioeconomic factors are also likely to be important in breast-feeding [7, 37] . Some of these risk factors have been more frequently observed in twin pregnancies and nurturing.
In addition, maternal affect and/or coping attributes were likely to differ depending upon whether singletons or multiples were involved [35] . There is a possibility that social and psychological factors-for example prenatal education for breast-feeding, mental condition or anxiety, and support from families and medical staff-are more important with respect to breast-feeding multiples than singletons. The present results suggested that more detailed study should be performed [17] , including epidemiologic study of breast-feeding multiples at the individual infant level.
Limitations
The definition of breast-feeding in this study was very simple, as were the questions used to collect data on the total growth and development of twins. The definition of breast-feeding has been discussed several times, and strict definitions also exist [56, 57, 60, 61] . Some authors [10, 30, 31, 49] use the terminology human/breast milk feeding, instead of breast-feeding, since it is common practice for preterm infants to be fed expressed or pumped human milk.
In addition, the present data were limited to normally developed twins, and consequently may have had a positive selection bias, especially for socioeconomic factors, which would raise the breast-feeding rate. There was no positive selection bias in the present samples, at least in the normal range of birthweight [44] , compared with twins' birthweight norms according to gestational age, as indicated by Japanese vital statistics [45] , mentioned in the section ''Preliminary analyses and data combination''.
The merits and demerits of combining the data of the two subject groups should be discussed. One reason why the author combined the data was that the groups were of similar size. When discussing the secular trend of breastfeeding rates in the present study, readers should remember that the [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] groups contained only members of the school applicant group, and the 1995-2003 groups contained only members of the maternal association group. To analyze a trend-taking place over more than 30 years, the combination of the two different samples is the second-best possible method. Moreover, although birth year was adjusted in all logistic regression analyses, and group difference was not a significant factor on breastfeeding rates, some unexpected selection biases or confounding may have occurred. These effects could be estimated by comparing the data to less biased, more representative, and nationwide data on twins, which was almost impossible to obtain in Japan.
Given the study design, there was a potential for recall bias. The author considered that in the questionnaire survey there was no method of obtaining breast-feeding data from a large number of mothers at the same time and with relatively the same accuracy, other than by using the ''Maternal and Child Health Handbook'', as this booklet is the basic reference regarding maternal and child health care in Japan. Most of the important records and information about children's development are recorded in this handbook. It is possible that the older the twins became, the more unreliable the memory of their mother became at data collection time, particularly if she depended only on her memory. These methodological faults cannot be adjusted for, and represent the largest limitation of the present questionnaire survey. Nevertheless, there have been many studies that have cited maternal recall of perinatal and infant feeding events as being accurate years later [62] [63] [64] [65] .
Future direction and conclusion
The results of the present study indicated that the rate of full breast-feeding of twins has risen recently in Japan, although it is still much lower than that of the general population, if the data gathered about the monthly feeding method after birth is correct. Combined rates of full and partial breast-feeding were close to those of the general population. The most influential factor that negatively correlated with breast-feeding from 0 to 6 months was gestational weeks. Higher maternal age at twin birth and the use of an incubator also reduced the level of breastfeeding in the neonatal period.
Antenatal counseling [17] , hospital practice, the attitude of the medical team towards breast-feeding [58] , the expertise of the public health nurse, and national policies on maternal and child health could change the current situation. However, when breast-feeding is not possible, the health caregiver must carefully avoid judgmental approaches that may induce guilt [8] , and mothers should not be given the impression that they have to breast-feed exclusively in order to breast-feed successfully [17, 18] . The present results showed that it was desirable to raise the full breast-feeding rates of multiples while maintaining the total (full and partial) breast-feeding rates by following the above guidelines. Further research on the uniqueness and variability of breast-feeding multiples [17] can lead to the development of practices that increase breast-feeding rates for multiples in Japan.
